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Characteristics Maintenance Internal Temperature of Apple and
Portable Low-Temperature Container by Using Phase Change Materials
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Abstract

By considering the storage temperatures of agricultural products, three types of PCMs (K, K;, K;) were developed
to be used in temperature ranges of 0~5C, 5~10C and 10~15T. Ki PCM for 0~5C was developed by
mixture of CisHs and soduim polyacrylate, and K, PCM for 5~10C and K3 PCM for 10~15C were mixture
of CiaHy), CisHss and soduim polyacrylate with different composition ratio. The target temperatures of cold chain
system were set at 7C, 13T, and 17°C with K3, Ko3, and Ks.; PCMs, respectively. The times to reach the
target temperatures in the storage chamber were 21 hours, 18 hours, and 61 hours with K;, K;, and K; PCMs,
respectively. The performances of natural convection type and forced convection of the temperature controlled portable
container were analyzed. Apples were stored in the portable container of 5°C, and temperatures at suface and
center were measured. The initial temperature of the apple was 25°C. The temperatures of apple at the surface
and the center were 15°C and 16°C, respectively, after 5 howrs with natwal convection type. However, the temperatures
at the surface and the center were already reached to 7°C within 1 hour with forced convection type. The forced
convection type showed the better performance and the temperatures of portable container were maintained more

than 15 hours.
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Table 1. Specification of the transportable cold storage container

Ttems Transportable cold storage

container

Effective internal volumetric 0.108 m3

Storage Refrigeration 3C +3T

temperature Freezing -107C less
o Refrigeration 12 hr
Phase transition time Freizing 11 e
Freezing time 12 hr

Power Single phase 220 V/60Hz
Power requirement Refriger.ation 810 W
Freezing 630 W
Compressor Horizontal rotary compressor

Refiigerant R22
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Fig. 1. Schematic of the experimental set-up.
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Table 2. Phase transition time of K; PCM from 3T to 5C of
inside temperature

K
Items

Kt K2 Kis

right 24 by »n

Phase transition .

time(hr) middle 23 21 2
lower 24 7 23
Phase transition Freezing 06 05 09
temperature( ) Melting 3 3 3

Table 3. Phase transition time of K; PCM from 8T to 10°C of
inside temperature

K,
Items

Ky Kz, Kis

lef 27 2 2

right 28 2 20

Phase transition :

e s middle Pl 2 0
lower 27 2 2l

PCM 3 2 2
Phase transition Freezing 30 28 >
temperature( C) Melting 7 7 7

Table 4. Phase transition time of K; PCM from 13C to 15T
of inside temperature

Itemns K
Ks K3z Ks3
left 65 48 3
right 66 47 37
Phasgmzi}mf)iﬁon middle 66 47 36
lower 63 47 36
PCM 67 57 46
Phasc transition Freczing 36 36 338

temperature( C) Melting 13 13 13
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(a) locations of temperature sensors.

(b) internal locations of temperature sensors.

Fig. 2. Locations of temperature sensors in apple.
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Fig. 3. Temperature changes of at 5C of surrounding temperature
by natural convection type.

TC1 : K charged PCM pack

TC5 : Middle side point

TC8 : Surface of apple (middle size)
TC9 : Center of apple (middle size)
TC10 : Ambient temperature
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Fig. 4. Temperature changes of at 5C of surrounding temperature
by forced convection type.

TC1 : K, charged PCM pack

TC2 : Fan point

TC3 : Left point

TC4 : Right point

TCS5 : Lower point

TC6 : Middle point

TC11 : Ambient temperature
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